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1 Introduction
In the study on WLAN-3GPP radio interworking, access network selection and traffic steering decision can be taken by either UE or network. Two approaches to enable access network selection and traffic steering have been proposed in [1] as mentioned below: 
1. Network provides UE with additional information to assist in deciding whether/when to connect to available WLAN. This additional information provided by network is known as RAN assistance information, which is provided to UE via system information messages and optionally, via dedicated signaling messages.
2. UE provides information about WLAN to network and then, the network decides whether/when UE should connect to available WLAN. 
For a UE-based decision, the following information may be utilized:
1. RAN assistance information

2. UE measurements

3. Information provided by WLAN

4. Policies (obtained via ANDSF or pre-configured) at UE
5. Rules given in RAN specifications
For network-based decision, traffic steering commands can be communicated to UE via dedicated signaling and following information may be used for this decision:
1. UE measurements

2. Policies (obtained via ANDSF or pre-configured) at UE. The network can however override these policies for specific traffic flows. 
During RAN2-85bis, it was discussed that WLAN RCPI and RSNI measurements are not reliable and testable metrics to be able to make an offload decision [3].

It is being discussed which WLAN-specific parameters (measurements to be reported for WLAN) to be used for traffic steering decision [2]. 
1. Channel utilization (IEEE 802.11 BSS Load IE from Beacon Frame)
2. Backhaul Rate DL
(Derived from IEEE 802.11 ANQP signaling – Downlink Speed & Downlink Load)
3. Backhaul Rate UL
(Derived from IEEE 802.11 ANQP signaling – Uplink Speed & Uplink Load)
In this document, we discuss the viability of using Channel Utilization as WLAN parameter for access network selection and traffic steering decision. We provide some results and put forth our observation that Channel Utilization alone is not a reliable metric for such decisions.
2 Analyzing the impact of Channel Utilization
WLAN (802.11) BSS Load IE from the beacon packets contains the following parameters,
	Field
	Size
	Description

	Station Count
	2 octets
	Number of Users connected to the WLAN Access Point

	Channel Utilization
	1 octet
	This is the amount of time the channel was sensed busy. This includes the time spend by packets in collisions. 

	Available Admission Capacity
	2 octets
	This gives the amount of medium (channel) time that is available via explicit admission control. It indicates the likelihood of the WLAN access point to admit users. However, this does not give an assurance that an admission control request will be allowed.


[image: image1.emf]WiFi Access Point

UE 1 UE 2

UE 3

UE 4 UE 5

UE 6


As suggested in [2], channel utilization can be used for access network selection and traffic steering decision. To verify the effectiveness of the channel utilization metric to predict the spare capacity in a WLAN network, we carried out two separate controlled simulation experiments. The network topology used in the simulation experiments is shown in Figure 1. 
Case 1: TCP traffic with 36Mbps rate at each user
The simulation parameters used in this case are: 
· IEEE 802.11 PHY Rate: 36Mbps

· Traffic Type: TCP 

· Packet Size: 576 Bytes per packet 
The observed system throughput of the WLAN network is 2.5Mbps with a channel utilization of 66.7%. This is much lower than the average known throughput values in an IEEE 802.11g WLAN networks. This can be explained from the model in [4] as it has a strong dependence on the packet sizes being used in the network and also the number of active UEs in the network. 

Observation 1:

The WLAN network performance depends on the packet sizes being used by traffic flows in the network.
Case 2: TCP traffic with 54Mbps rate at each user

· IEEE 802.11 PHY Rate: 54Mbps

· Traffic Type: TCP 

· Packet Size: 1112 Bytes per packet 
The observed throughput in the network is 4.4Mbps with a channel utilization of 69.4%. Larger packet sizes and the channel conditions of WLAN users in the network result in better throughput in the WLAN network. 
Observation 2: 
The performance of the WLAN network depends on the channel conditions experienced by the users in the network.
Summary

A comparison table of both the simulations is shown in the Table below.
	
	Number of UEs
	Date Rate of all UEs
	Packet Size (bytes)
	Observed Throughput (Mbps)
	Channel Utilization (%)

	Case-1
	6
	36M
	576
	2.5
	66.7

	Case-2
	6
	54M
	1112
	4.4
	69.4


The comparison of the two simulations shows that the channel utilizations observed for both the conditions is similar even though the observed throughput is significantly better in Case-2. Hence, the channel utilization parameter is providing only partial information about the performance of the WLAN network performance. 
Observation 3: 
The channel utilization parameter from the BSS Load IE of the IEEE 802.11 beacon frame provides incomplete information about the WLAN network performance. 
With these observations, it is necessary to also consider other measurement parameters provided by the Beacon frame of IEEE 802.11 and ANQP parameters to determine admissibility and predictability of acceptable quality of service to the users in WLAN as comparable to that of E-UTRAN.

Proposal 1: 
WLAN parameters in addition to Channel Utilization, WLANBackhaulRateDL and WLANBackhaulRateUL needs to be studied further. 

3 Conclusions
In conclusion, RAN2 must note the observations that indicate that ChannelUtilization is an incomplete metric to judge the WLAN network performance. 
Observation 1:

The WLAN network performance depends on the packet sizes being used by traffic flows in the network.

Observation 2: 
The performance of the WLAN network depends on the channel conditions at the users in the network.
Observation 3: 
The channel utilization parameter from the BSS Load IE of the IEEE 802.11 beacon frame provides incomplete information about the WLAN network performance. 
Additionally, in order to address the accuracy of understanding the performance of the WLAN network to take a better offload decision at the UE, RAN2 is also requested to discuss and agree to the following proposal. 
Proposal 1: 

WLAN parameters in addition to Channel Utilization, WLANBackhaulRateDL and WLANBackhaulRateUL needs to be studied further. 
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